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1 ni '§ f .._.* 4 2 \ = Kot e HN 375 rounded to Irregular masses generally 15-45 m (50-150 ft) above adjacent NORTH HORN FORMATION (PALEOCENE AND UPPER CRETACEQUS)— bluish gray and gray with bands of yellow, green, maroon, brick mdi.and e;'g?s Red 4 I'-HE r Red d District. Sevier C Utah
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| 4 had v ¢ : : 0 v i solidated to semiconsolidated rnm_'uina'l rubble. Fragments range in size part; major thick coal zone at base directly overlies Star Point Sandstone. y uring Alocalized d’ of the sal |'“‘ 30 x 60" quadrangle, Utah: U.S. Geological Survey Minerals Investigations
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INTRODUCTION

The U.5. Geological Survey is engaged in a broad program of field studies designed to
present the geclogic framewaork of the United States on easily read topographic maps. The
maps selected as a base for these geologic data are part of the Army Map Service (AMS) series
of 1% x 2" quadrangles at a scale of 1:250,000, The Price, Utah, AMS quadrangle is one of
these maps (see fig. 1). For certain areas, however, chiefly those sectors of the country
involved in the U.S, Geclogical Survey's Coal Exploratory Program, the geologic data are
being compiled on newly developed base maps at a scale of 1;100,000. On these new maps
the configuration of the land is shown by metric contours having a 50-meter contour interval,
One of these new maps has been used as a base for this geologic map of the Manti 30" x 60
{1:100,000) quadrangle, the southwestern quadrangle of the four quadrangles that together
make up the Price 1° x 2° quadrangle.

THE PRICE, UTAH, 1° x 2° AMS (1:250,000) QUADRANGLE

The geologic data compiled on the Manti quadrangle are but a part of a much larger
geologic pattern best displayed on the Price, Utah, 1°x 2° quadrangle. The Price quadrangle
includes within its borders parts of three major physiographic elements: the Colorado
Plateaus, the Basin and Range, and the Middle Rocky Mountains Provinces, Most of the
quadrangle, including the central and eastern parts, overlies the west margin of the Colorado
Plateaus. Within this part of the plateaus are the southem edge of the Uinta Basin (expressed
as the southward-facing, sinuous escarpments formed by the Book and Roan Cliffs), the
northern part of the Canyonlands section (expressed by the northeast-trending San Rafael
Swell), and the northernmost of the High Plateaus of Utah (the Wasatch Plateau). The
western part of the sheet includes the east edge of the Basin and Range Province (the Great
Basin). The join between the Colorado Plateaus and the Basin and Range Provinces trends
northward through western Sanpete County and is a transition zone that is gradational in
both geology and topography. A small wedge of the Middle Rocky Mountains Province—the
southern Wasatch Mountains—dominates the northwest comner of the Price quadrangle.

THE MANTI, UTAH, 30" x 60 (1:100,000) QUADRANGLE

About half the Manti quadrangle [see fig. 2) is underlain by the Wasatch Plateau, a high,
forested tableland composed of near-horizontal to gently warped Cretaceous and Tertiary
strata. The east edge of the Wasatch Plateau overlooks Castle Valley, an arid, relatively
barren, sage-covered lowland cut into poorly resistant strata on the west flank of the San
Rafael Swell. By contrast, the west edge of the Wasatch Plateau looks across Sanpete Valley,
a rich agricultural and ranching area, toward another tableland known to geologists as the
Gunnison Plateau, to local inhabitants as the West Mountain, and to some Federal agencies
as the San Pitch Mountains. The fact that the Gunnison Plateau, consists of the same
stratigraphic units as are exposed in the Wasatch Plateau, and is essentially a gently warped
upland much like the Wasatch Plateau, suggests that it is an integral part of the Colorado
Plateaus. The Gunnison Plateau, however, is marked locally by structural complexities that
seemn torelate it to the Basin and Range structures so common fartherwest, We are uncertain,
thus, just where the join between the two provinces should be in this part of central Utah. West
of the Gunnison Plateau, and separated from it by the broad valley of the Sevier River, are the
Valley Mountains, alow, elongate, north-trending tilted fault block that is much like the block-
faulted ranges that make up the Basin and Range Province of western Utah and eastern
Mevada. Because both the Wasatch and Gunnison Plateaus are plateaus, whereas the Valley
Mountains are a tilted fault block, we tend, arbitrarily, to include the Wasateh and Gunnison
Plateaus with the Colorade Plateaus Province,

We tentatively propose, thus, that the physiographic join between the Colorado Plateaus
and the Basin and Range Provinces extends southward along the west flank of the Gunnison
Plateau, flexes sharply to the southeast at the south end of the Gunnison Plateau, and con-
tinues southward along the west flank of the Wasatch Flateau.

In summary, the Manti quadrangle can best be visualized as consisting of parts of four
physicgraphic elements. From east to west, these are: (1) the west flank of the San Rafael
Swell, (2) the south half of the Wasatch Plateau, (3) the south half of the Gunnison Plateau (all
three within the Colorado Plateaus Province), and (4) the east half of the Valley Mountains
(essentially the easternmost range of the Basin and Range Province).

COLORADO PLATEAUS SEGMENT
San Rafael Swell

West-dipping shale and sandstone beds of Cretacecus age (Mancos Shale), exposed
along the east edge of the Manti quadrangle, reflect the northwest flank of the San Rafael
Swell. The swell is an elongate, oval, domelike structure, about 115 km (70 mi} long, and 50
km {30 mi) across (at its maximum width) that trends about N. 30° E. through Emery and
Wayne Counties. The major axis of the San Rafael Swell is about 32 km (20 mi) east of the
Manti quadrangle. The influence of the swell is strong: former near-horizontal Cretaceous
and Tertiary strata were domed as the swell developed, and these units, now much eroded,
express the general outline of the upwarp, The northern half of the San Rafael Swell
{eastward beyond the Manti quadrangle) is bordered by a lowland underlain by Cretaceous
shale beds, which are truncated in many places by pediment surfaces mantled by extensive
deposits of sand and gravel. Rising abruptly above this sage-covered lowland are sandstone
and shaly siltstone beds, younger but also of Cretaceous age, that crop out as steep, sinuous
escarpments. On the east and north (beyond the Manti guadrangle) these cliffs are known as
the Book Cliffs; on the west [and partly within the Manti quadrangle) they are unnamed but
form the east flank of the Wasatch Plateau. Thick, well-developed coal beds (in the Black-
hawk Formation of Late Cretaceous agel crop out along the cliffs and are mined ex-
tensively,
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Wasatch Plateau

The Wasatch Plateau is a flat-topped mass about 130 km (80 mi) long and 40 km (25 mi)
wide, and it appears as a huge upland that trends about N. 20° E. separating Sanpete Valley
on the west from Castle Valley on the east. The top of the plateau is at an altitude of about
3,050 m (10,000 ft). In striking contrast to the clifflike aspect of the east flank of the Wasatch
Plateau, the west flank of the plateau is a continuous westward-facing downwarp—the
Wasatch monocline—that extends for almast the full length of the plateau, Westward-flowing
consequent streams on the monocline have locally cut through the mantle of tilted beds to
form deep, serpentine canyons that extend far back toward the crest of the plateau.

The Wasatch Plateau is underlain by flat-lying Cretaceous and Tertiary beds, most of
which are well exposed either in the cliffs along its east flank or in the canyons cut into the
Wasatch monocline. These rocks are broken by north and northeast-trending high-angle
normal faults many of which are paired to form narrow, elongate grabens. Of these, one of the
maore spectacular is the Joes Valley graben, which traverses the full extent of the Manti
quadrangle.

Gunnison Plateau

The Gunnison Plateau is a north-trending, oval upland composed of sedimentary rocks
that have been warped into a southward-plunging syncline. Completely encircled by valleys,
the plateau is about 61 km (38 mi) long, and about 23 km (14 mi) wide near its midpoint, The
crest of the Gunnison Plateau reaches altitudes of about 2 450 m (8,000 ft), and thus s some-
what lower than the Wasatch Plateau. The southem end of the Gunnison Plateau merges
with the lowlands of the Sanpete and Sevier Valleys, but the plateau gradually gains height
northward, and its northern end, marked by steep, precipitous cliffs, towers above the adja-
cent valley floors,

The rocks that form the plateau are much faulted, although on the whele they are but
gently warped. Only along the east edge of the plateau are these rocks intensely deformed, in
a zone of complex structures that extends as a narrow welt, 1-2 km (1/2-1 mi) wide, from
near Wales southward to the southern edge of the plateau (Spieker, 1949; Witkind, 1982).
Comparable large-scale structures have not been found along the west flank of the plateau,
although locally the rocks there are much deformed (Witkind, 1983).

BASIN AND RANGE SEGMENT
Valley Mountains

If the Gunnison Plateau is correctly assigned to the Colorado Plateaus Province, only a
small part of the Basin and Range province is represented in the Manti quadrangle—
essentially the east flank of the north-trending Valley Mountains. The Valley Mountains are
an eastward-tilted fault block whose west flank (west of the quadrangle boundary) is bounded
by a high-angle normal fault that trends north and dips steeply to the west. West of the Valley
Mountains are other ranges, such as the Canyon and Pavant Ranges, which also trend north
and which also are bounded along one or both margins by high-angle normal faults, From the
Valley Mountains westward, therefore, the geologic pattern Is one of alternating north-
trending basins and parallel block-faulted ranges—typical Basin and Range topography.

THE TRANSITION ZONE

Structurally, the south-trending transition zone between the Colorado Plateaus and the
Basin and Range Provinces dominates the Manti quadrangle. Structures transitional between
the two provinces extend from the crest of the Wasatch Plateau westward to and possibly
beyvond the Valley Mountains.

The same sedimentary sequence that underlies the Wasatch Plateau is found in the
Gunnison Plateau and in the Valley Mountains. Locally, in all three areas, the rocks are
intensely deformed; complex structures abound. In the Wasatch Plateau these structures are
best exposed at and near the mouth of Sixmile Canyon, near Sterling (Spieker, 1949,
p.49-51). The east flank of the Gunnison Plateau is marked by an extensive belt of complexly
deformed rocks (Spleker, 1949, p. 72-74). Comparably deformed rocks are exposed along
the northeast flank of the Valley Mountains. Beds are vertical to steeply overturned; locally,
one or more angular unconformities break the sedimentary sequence. In several places two
profound angular unconformities are exposed in a single outcrop, but surprisingly these
unconformities are not extensive laterally. Strata that are separated by a striking angular
unconformity, when traced laterally, rapidly approach parallelism and become conformable
in distances as short as three-fourths of a kilometer (half a mile). Overturned beds become
vertical, then upright, decrease in dip and in unusually short distances are near-horizontal
and conform with both overlying and underlying units. The intense deformation is extremely
localized,

Interpretations

This remarkable deformation has been interpreted in different ways. The late Professor
E.M. Spieker and his many graduate students have attributed the deformation to multiple
episodes of tectonic disturbance. In all, some 14 such episodes have been postulated
(Spieker, 1949, p. 78). Subsequent work has suggested an additional two episodes to make a
total, then, of 16 tectonic pulses (Gilliland, 1948, p. 74; 1951, p. 72; 1952, p. 1461). Of
these, eight were orogenic (compressive) movements that have occurred since Jurassic time
(Spieker, 1949, p. 40). The remainder were chiefly episodes of normal faulting, warping, or
monoclinical flexing. Other workers In the area, however, chiefly Stokes (1952, 1956),
Moulton {1975), Baer (1976), and Witkind (1982), have suggested that much of the deforma-
tion is more reasonably explained by multiple episodes of salt diapirism.

Regrettably, the field evidence is equivocal; strong arguments can be made for either
interpretation. Weiss, one of the co-authors of this map, tends toward multiple tectonism as
an explanation for most of the deformation. He sees much of the structural complexity as
being thrust related and considers that salt diapirism played a minor role. Weiss believes the
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question is moeot on the basis of surface geology, and that multiple tectenism cannot be fully
discredited until diapirism can be demonstrated by subsurface data, Weiss attributes the
intense deformation that marks the east flank of the Gunnison Plateau to an antiformal welt
that lay just east of the Gunnison Plateau in latest Cretaceous and Paleocene time, and which
subsequently bent the edge of the plateau block toward the west (Weiss, 1982). The welt may
have been caused by compression from the east, diapirism, or both. Witkind, another co-
author of this map, is a strong advocate of salt diapirism, and accordingly he attributes the
bulk of the deformation, as well as the extreme localization of the deformed structures, to
recurrent salt movement—in essence, the repeated growth and collapse of many linear salt
diapirs. In his view, eastward-directed compressive impulses probably plaved a significant
role in that, initially, they triggered the salt into upward movement. He sees this upwelling of
the salt as responsible for most of the local deformation. Thus, he attributes the westward
bend of the east edge of the Gunnison Plateau to the repeated upwelling of a salt diapir
concealed beneath Sanpete Valley (Witkind, 1982, p. 26-27). As the diapir welled upward,
vertical stresses were translated laterally into horizental stresses, and it is the westward-
directed component of these horizontal stresses that flexed the beds to the west.

FAULTS

A series of high-angle normal faults, of diverse orientation, cut and offset the rocks in the
Manti quadrangle. In the Wasatch Plateau these faults form a simple pattern of breaks that
trends generally north and nertheast. By contrast, in the Gunnison Plateau, the pattern is
much more complex. In addition to the north- and northeast-trending faults are a series of
northwest- and westward-trending cross faults that break the rocks of the plateau into small,
almost disjointed blocks. This same complex fault pattern persists in the Valley Mountains but
is not as intense.

WASATCH PLATEALU

The crest and west flank of the Wasatch Plateau are broken by a system of high-angle
normal faults that range in trend from about M. 10° W. to about N. 30° E. This fault system
does not appear to extend eastward into the San Rafael Swell, for only a few northerly
trending faults break the rocks of the swell; there, the fault pattern is dominated by west and
northwest-trending faults.

The faults on the Wasatch Plateau are remarkably straight, and commonly persist as
single breaks, or very narrow fault zones, traceable for very long distances. Some, such as
those that bound the Joes Valley graben, are narrow fault zones that extend for the full length
of the Manti quadrangle. The continuity of the faults is masked on the ground, however, by
the fact that the faults are concealed in the valleys beneath mass-wasting deposits. In most
places the faults are visible only along valley walls and on the interfluves between the
valleys,

A few of the faults show opposite directions of displacement along their lengths. Thus,
for example, at the northern end of such a fault, commonly known as a “scissors fault”, the
block west of the fault is downthrown. As the fault is traced southward the amount of
displacement lessens, reaches a null paint, and then changes, with the end result being that at
the fault's southern end the block east of the fault is downthrown,

Many of the high-angle normal faults are paired to form grabens that exceed 65 km
(@40 mi) in length. In general, the grabens maintain a relatively constant width of about 3 km
(2 mi) although locally they narrow to about half a kilometer (a quarter of a mile). Structural
relief differs from graben to graben, In some grabens it is as low as 100 m (several hundred
feet); elsewhere it Is hundreds of meters. Spieker (1949, p. 43) suggested stratigraphic
separation of 610-915 m (2,000-3,000 ft) in the Joes Valley graben, ane of the major
structural elements in the quadrangle, and in excess of 1200 m (4,000 ft) in the nearby
Musinia graben.

In many grabens the downthrown blocks are unbroken, but locally they are cut by a
series of small internal faults that trend parallel to the major faults that bound the graben. In
places, the many faults have so disrupted and broken the coal beds that underlie much of the
Wasatch Flateau that these beds cannot be mined (Doelling, 197 2a, p. 83).

The origin of the faults, and thus, of the grabens, is uncertain. The faults may reflect
widespread crustal spreading stemming from an episode of extensional tectonics that has
dominated the western interior of the United States since Miocene time. If so, the faults are
tectonic in origin. By contrast, the faults may be related, in one way or anather, to the salt that
underlies much of the Sanpete-Sevier Valley area (Stokes, 1952; Stokes and Holmes, 1954,
p. 40). Moulton (1975, fig. 19) implies that many of the faults that break the crest of the
Wasatch Plateauw do not extend below the base of the salt-bearing beds. This suggests that at
least some of the faults and grabens may be genetically related to withdrawal of the salt. Mot
all faults, however, are so shallow; several appear to extend into the presalt rocks (Moulten,
1975, fig. 19).

If some of the grabens are indeed salt-induced structures, possibly they formed in
response to an outward (valleyward) flowage of the salt, much as postulated by Baker (1933,
p. 74) to explain the development of the grabens that are so commeon in the Paradox Basin of
sputheastern Utah and southwestern Colorado,

Differential flowage of salt may also explain the anemalous pattern of displacement that
characterizes the scissors faults,

GUNNISON PLATEAU

As on the Wasatch Plateau, many of the north-trending faults that break the rocks on the
Gunnison Plateau are paired to form grabens. The linear trends of the grabens, however, are
masked by a maze of smaller faults that break and disrupt the downdropped blocks in the
grabens. Two conspicuous examples of this are at the southemn end of the plateau. Alongthe
southwestern flank of the Gunnison Plateau, essentially between Mellor and Hells Kitchen
Canyons, the downdropped block in a large north-trending graben consists of a chaotic
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jumble of blocks. A comparable graben, although one in which the downdropped block is not
as badly broken, begins near the southeastern end of the plateau and extends northwesterly
across the crest of the plateau, In sharp contrast to these north-trending grabens, however, is
a transverse graben that trends west and breaks the rocks aleng the east flank of the
Gunnison Plateau between Maple and Rock Canyons (directly west of Ephraim).

All three grabens and many of the other faults in the Gunnison Plateau may be salt
related. Possibly the causative salt originally bowed up the rocks te form elongate, linear
folds; subsequent removal of the salt caused the axial parts of folds to collapse along
boundary faults and form the grabens.

The striking difference in intensity of faulting, when the Gunnison and Wasatch Plateaus
are compared, may reflect the fact that the Gunnison Plateau appears to have been subjected
to compressive forces from both the west and east, possibly by salt diapirs, which co-author
Witkind believes abut its west, east, and north flanks. The synelinal aspect of Gunnison
Plateau, and its southward plunge, may stem from the upward movement of these diapirs.

VALLEY MOUNTAINS

The crest of the Valley Mountains is broken by a north-trending graben known as
Japanese Valley. Both east and west of the graben are other high-angle normal faults that
also trend north. In general, those faults east of the graben are marked by downthrow to the
west—toward the graben; those few faults west of the graben (beyond the confines of the
Manti quadrangle) are marked by downthrow to the east—again toward the graben. The
implication is strong that the graben is a collapse feature possibly related to withdrawal of salt.
Test wells have indicated that the Valley Mountains are underlain by the Arapien Shale (the
salt-bearing unit), but as vet none of the wells has penetrated salt. It may well be that whatever
salt did underlie the Valley Mountains has been dissolved and removed.

MODERN FAULT SCARPS

A sertes of modern fault scarps are along both flanks of the Gunnison Plateau. In all
localities, these scarps cut and offset surficial deposits, implying that the causative faults have
moved in the recent past. The fault scarps trend northerly, dip valleyward, and range in height
from 0.3-8 m (1-25 ft). Those scarps along the west flank of the Gunnison Plateau clearly
reflect movement along the Wasatch fault zone, one of the major, young, active fault zones in
the United States. The fault along the east flank of the Plateau, known as the Gunnison fault,
cuts and offsets an old alluvial fan that heads in the mouth of Wales Canyon. The new scarp,
in turn, is now partly concealed by a younger alluvial fan which also heads in Wales
Canyon,

The origins of the faults are uncertain. The Wasatch fault has always been considered to
be an extenstonal fault; hence, it may have formed in response to tectonic impulses, Move-
ment along the fault would likely result in a major earthquake that would cause much damage
to manmade features. By contrast, the close parallelism between the trace of the Gunnison
fault and the suspected salt diapir believed to be concealed beneath Sanpete Valley, suggests
that withdrawal of salt may have played some role in the development of that fault. If so, the
Gunnison fault, although a geologic hazard, may not pose as much of a risk as the Wasatch
fault.

WATER RESOURCES

Details about the surface-water resources of the Manti quadrangle are contained in a
companion publication, U.5. Geological Survey Miscellaneous Investigations Series Map
I-1482 (Price. 1983).

ECONOMIC DEPOSITS

Materials of economic interest in and near the Manti quadrangle include mineral fuels
such as coal and hydrocarbon gas, Pools of oil and gas also may be in the area. Several fields
producing carbon-dioxide (CO,) gas are northeast of the quadrangle. Nonmetallic mineral
deposits in the quadrangle include gypsum, salt and brines, sand and gravel, building stone,
and limestone, Metallic mineral deposits are sparse; some zinc ore was mined near Redmond.

MINERAL FUELS
Coal

Vast amounts of coal underlie the Wasatch Plateau with some of it accessible along the
Plateau’s east flank (Spieker, 1931; Doelling, 1972a, 1972h). Of the six coal fields in and
near the Price 1° x 2° quadrangle (the Wasatch Plateau, Book Cliffs, Salina Canyon, Mount
Pleasant, Wales, and Sterling fields), only the Book Cliffs and Salina fields are beyond the
boundaries of the Manti quadrangle. Of those fields, or parts of fields, within the quadrangle,
apparently only the Wasatch field contains deposits of coal that are economically significant
at present. Although seams and beds of coal crop out west of the Plateau, in Sanpete Valley
near Wales, Mount Pleasant, and Sterling, these beds, for the most part, are thin (generally
about 0.3 m (1 fi}) thick), discontinuous, and of poor quality. The early settlers mined these
beds until the thicker, higher quality, and more continuous beds that are exposed along the
east edge of the Wasatch Plateau were discovered. These latter beds are considered to con-
tain some of the best coal in Utah (Doelling, 1972hb, p. 554). Some test holes by the UL.S.
Bureau of Mines, however, indicated that at least three minable eoal beds, ranging from 1-2 m
{46 ft) in thickness, are in the subsurface in the Mount Pleasant area at depths between 290
m (955 ft} and 350 m (1150 i) (Doelling, 1972b, p. 30).

Coal in the Manti quadrangle is contained chiefly within five units of Tertiary and
Cretaceous age: the North Horn, Blackhawk, and South Flat (probably correlative with the
Blackhawk) Formations, the Sixmile Canyon Formation of the Indianola Group, and the
Ferron Sandstone Member of the Mances Shale. Of these. only the Blackhawk Formation

contains thick (as much as 8 m (25 ff) thick) coal beds that are either exposed or are buried
beneath an overburden of 305 m (1,000 ft) or less. The Blackhawk Formation crops out all
along the east flank of the Wasatch Plateau, and it is likely that its coal beds underlie much of
the plateaw. Comparable coal beds may be contained within the Ferron Sandstone Member,
but if so these are so deeply buried they probably will be difficult to mine.

Surface investigations and drilling have determined that as many as 22 coal beds in the
Blackhawk Formation are thick encugh to be named (Doelling, 197 2a, p. 85). Some of the
thickest and most persistent coal beds are the Hiawatha, Castlegate A, Bear Canyon, Blind
Canyon, Wattis, Upper Ivie, and lvie beds (Doelling, 1972a, p. 85). Recent work by U.S.
Geological Survey geologists, notably J. D. Sanchez, L. F. Blanchard, E. E. Ellis, and T. L
Brown, has suggested that these coal beds, rather than being laterally uniform masses, are
best viewed as coal zones—groups of alternating discontinuous beds of coal separated by
sandstone and mudstone splits. In general, each zone is separated from overlying and
underlying coal zones by sandstone-rich strata, 2-6 m {520 ft) thick, that contain thin coal
seams and carbonaceous material but are free of thick coal beds. Sanchez and his colleagues
{Sanchez, Blanchard, and August, 1983) have grouped the various coal beds into a series of
discrete, named coal zones. Within the Manti quadrangle, these workers recognize six such
discontinuous coal zones in the lower part of the Blackhawk Formation; from oldest to
youngest, these are (1) the Hiawatha, (2) Acord Lakes (which is correlative with the Muddy
No. 1 and Muddy MNo. 2 coal zones), (3) Axel Anderson, (4) Cottonwood, (5) Blind Canyon,
and (6) Bear Canyon coal zones. Within each coal zone the coal beds range in thickness from
several centimeters (one inch) to as much as 8 m (25 ft).

The rank of most of the coal beds is high-volatile B bituminous as calculated from the
Parr formulas of the American Soclety for Testing and Materials (1978) (J. D. Sanchez, oral,
commun., 1983).

Dretails about these coal zones, including analyses of the molsture, fixed carbon, ash, and
volatile contents of the contained coal beds, and the relations between the various coal zones
are contained in a series of U.5. Geological Survey Coal Investigations maps (Sanchez and
Brown, 1983, in press (a); in press (b); Brown and Sanchez, in press).

Large, madern mines dug into those coal beds of the Blackhawk exposed along the east
flank of the Wasatch Plateau have just begun to tap the large coal reserves that underlie the
plateau. In the Manti quadrangle, most of the more productive mines are along the north and
east flanks of East Mountain (northwest of Castle Dale). The bulk of the coal mined is
transported via truck to coal-fired power plants constructed at Huntington (Huntington
Plant) and Castle Dale (Hunter Plant); much of the electrical power produced by these two
plants is transmitted out of state.

The presence of theserich coal bedshasled totentative plans for the construction of other
coal-fired power plants in and near the Price quadrangle; five are planned for areas east of the
Wasatch Plateau, and three for areas west of the Plateau (Witkind, 1979). The Intermountain
Power Plant {IPP). now under construction near Lynndyl (west of the Wasatch Plateau), is one
of these plants; when completed it will be the largest coal-fired power plant in the world.

Reserves

As a consequence of the increased interest in coal as a fuel, the east edge of the Wasatch
Plateau has been drilled extensively in an attempt to determine reserves in the Wasatch
Plateau coal field, On the basis of these data, coal reserves identified in that part of the
Wasatch Plateau coal field within the Manti quadrangle total about 2 billion short tons (J.0.
Sanchez, oral commun., 1983).

Principal coal reserves in the combined Salina Canyon, Mount Pleasant, Wales, and
Sterling fields are about 350 million short tons (Doelling, 1972a, p. 88).

Hydrocarbon gas

Stgnificant amounts of hydrocarbon gas have been praduced from small structures that
underlie the Wasatch Plateau (Walton, 1963). The most important is the Clear Creek
structure, a fault segment, near Scofield Reservair, north of the Manti quadrangle. Domelike
structures, from which minor amounts of hydrocarbon gas have been produced, are in and
near the northeast corner of the Manti quadrangle, but of these only the Flat Canyon
structure (directly east of Upper Joes Valley) is within the quadrangle. Production Is from
both the Dakota Sandstone, and the Ferron Sandstone Member of the Mancos Shale
(Walton, 1963, p. 345).

Carbon-dioxide gas

Pure carbon-dioxide gas has been produced from wells drilled into structures northeast
of the Manti quadrangle. The Farnham dome, east of Wellington, contains CO, gas with
major production from the Navajo Sandstone (Peterson, 1961). Somewhat closer to the
Manti quadrangle is the Gordon Creek field southeast of Scofield Reservoir, The field is on
the faulted Gordon Creek anticline, and production is from a series of beds that include the
upper part of the Ferron Sandstone Member of the Mancos Shale (Upper Cretaceous), the
Sinbad Limestone Member of the Moenkopi Formation (Triassic), and the *Coconino Sand-
stone” (probably the Cedar Mesa Sandstone of the Permian Cutler Formation). As most of
these units are relatively impervious and have low porosity, the gas, seemingly, is contained
within them because they are much fractured (Anonymous, 1961).

Oil and gas

In the past decade this sector of central Utah has been the scene of an intensive search
for oil and gas. Seismic surveys have erisscrossed the area repeatedly; new surveys are
launched even as previous ones end. Many wells have been drilled to test geologic concepts,
favorable structures, and sedimentary units. As of late 1982, the search in the Sanpete-
Sevier Valley area, on the whele, has been unsuccessful. Most testwells were efther dry or had
only small shows of oil or gas. Only those wells drilled on the crest of the Wasatch Plateau
have had some success, chiefly in the discovery of sizable amounts of hydrocarbon and
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carbon-dioxide gases. Although some petroleumn companies have lost interest in the area
and have shifted their attention elsewhere, other companies are undeterred and apparently
believe that the area has a strong potential for oil and gas.

Source rocks

Possible source rocks for oll and gas include the Mancos Shale of Late Cretaceous age,
the Manning Canyon Shale of Late Mississipplan and Pennsylvanian age, and the Arapien
Shale of Middle Jurassic age.

Three exploratory wells drilled near Moroni in Sanpete Valley penetrated the entire
thickness of the Mancos Shales, composed chiefly of black, marine, sedimentary rocks. The
easternmost test well, Hanson Qil Corporation's well No. 1 A-X Moroni (SE, NW, sec. 14,
T. 155, R. 3E) cut about 2,135 m (7,000 ft) of Mancos strata. About 2.4 km (1.5 mi) to the
southwest the Tennessee Gas Transmission Company's J.W. Irons well No. 1 (C, SE, NE,
sec. 16, T. 15 5., R. 3E ) penetrated about 1,700 m (2,500 ft) of Mancos. And the westernmaost
well, the Phillips Petroleum Company's well No. 1 Price-N (SE, SE, sec. 29, T. 155, R 3E)
cut only about 610 m (2,000 f} of Mancos Shale. Seemingly, the Mancos Shale thins
markedh westward, implying a shoaling of the Mancos sea near the east edge of the Gunnison
Plateau. How much of the Manti quadrangle is underlain by the Mancos is uncertain; we sus-
pect that It underlies most of the Wasatch Plateau and Sanpete Valley, at the very least.

The Manning Canyon Shale is another black, marine sedimentary unit that may underlie
the area at depth. This shale, like the Mancos, is rich in an ocil-generative type of arganic
material, and so a most suitable source rock. Although not exposed in the Manti quadrangle,
the Manning Canyon is a consplcuous unit farther to the north where it is part of the
Charleston-Mebo thrust plate that forms the Mt Nebo massif,

The Arapien Shale may be a source rock. Recently Kirkland and Evans (1981) suggested
that calcareous mudstones deposited in highly saline, marine evaporitic basins may be rich
source rocks. Considerable uncertainty exists, however, about the suitability of the Arapien
Shale as a source rock for oll and gas because of its apparent low content of total organic car-
bon (TOC) (R. J. Coskev, Forest Oil Corporation, oral commun., 1982),

Reservoir rocks

Appropriate reservoir rocks are believed to be within the Mancos Shale, chiefly the
Ferron Sandstone Member and sandstone units within the Emery Shale Member. Amongthe
other beds in the stratigraphic section that have served as reservolr rocks for either hydro-
carbon or carbon dioxide gas are the Dakota Sandstone, the Navajo Sandstone, the Sinbad
Limestone Member of the Moenkopl Formation, and the “Coconine Sandstone” (probably
the Cedar Mesa Sandstone of the Cutler Farmation). Significantly, these beds have served as
good reservolr rocks mainly because they are strongly fractured, and apparently not because
of unusually high primary porosity. How severely a unit has been fractured may determine its
suitability as a reservoir roch,

Structural traps

If the diapiric concept as proposed by Witkind (1982) is valid, structural traps may be
adjacent either to the salt diapirs or to the mudstone sheaths (composed of Arapien Shale
strata) that are integral parts of the diapiric folds. Presumably as the salt surged upward it
raised the enveloping mudstenes of the Arapien Shale, and these, in tumn, bowed up the adja-
cent country rocks, The traps formed between the upturned country rocks and either the
intrusive salt or the mudstones would seem suitable sites for the accumulation of oil and

gas.

NOMMETALLIC MINERAL DEPOSITS
Gypsum deposits

Extensive gypsum deposits are in the Arapien Shale; most of the commercial deposits
are concentrated either south of the Manti quadrangle between Salina and Sigurd, or north
of the quadrangle at or near the mouth of Salt Creek near Nephi. The mined gypsum is
transported by truck to several gypsum plants at Sigurd where it is fabricated into plaster
board. Small pods and lenses of gypsum are found, however, in most outcrops of the Arapien
Shale; selenite crystals are common on outcrops.

In the Manti quadrangle the Arapien Shale crops out in three localities: along the west
flank of the Gunnison Plateau, along the east side of Sevier Valley south of Sterling, and
alongthe west side of Sevier Valley near and north of Redmond. Only farther north, however,
near Nephi (beyvond the Manti quadrangle) and in adjacent areas south of Nephi, is much
gypsum seen in cutcrop, where it occurs in disconnected pods and sheets. This scattered
accurrence regionally may be misleading for extreme irregularity of thickness, width, and
length is characteristic of many gypsum deposits. What may appear as a thin pod of gypsum
on the outcrop may thicken and widen rapidly in the subsurface to become a significant
deposit. In general, we estimate that the range in thickness of a gypsum lens is from about 15 m
{50 ft) to as much as 105 m (350 ft). In like fashion the width and length are also highly
irregular; we estimate that some lenses are as much as 305 m (1,000 ft) wide, and about 210 m
(700 ft) long.

Salt and brines

Very little rock salt (halite) is exposed at the surface, although much salt probably
underlies the Sanpete-Sevier Valley area. So, for example, the Phillips Price-N well, near
Maoroni in Sanpete Valley, penetrated about 610 m (2,000 ft) of salt. Farther west (beyond
the Manti quadrangle), near Yuba Dam in Sevier Valley, Placid Oil Company’s Monroe 13-7
well (SW, NE, sec. 13, T. 16 5, R. 2 W) cut about 215 m (700 ft) of salt. Chevron Oil Com-
pany's Chriss Canyon well (NE, SW, sec. 33, T. 16 M., R. 1 E.), near the southern end of the
Gunnison Plateaw, cut through about 245 m (800 f) of salt (L. A. Standlee, Chevron Oil Co.,
oral commun., 1982). The salt is contained within the Arapien Shale, and where exposed and

mined near Redmond, appears as near-vertical, much-contorted beds interleaved with
reddish-brown calcareous mudstone. It is likely that several salt beds are in the Redmond
area, but the Araplen Shale sirata have been so contorted that comelation of beds from one
salt mine to the next is uncertain. At Redmond the main salt bed being mined is about 60 m
{200 ft) thick (Picard, 1980, p. 145). Pratt, Heylmun, and Cohenour (1966, p. 54) estimate
that the salt may range from 180 to 300 m (590 to 980 ft) in thickness. About 9,000 metric
tons of salt are mined per year (Pratt and Callaghan, 1970, p. 48}, with most of it being used
chiefly for livestock and de-icing roads.

Considerable brine is formed in the salt mines near Redmond as a result of ground-water
seepage, and drillers have used this brine to drill through the salt beds in the Arapien Shale.
The drillers add the brine to their drilling mud, gradually increasing the salinity until the mud
becomes supersaturated. At that stage they can drill through a bed of salt without the salt
either caving in or dissolving.

The salt is extremely mobile and plastic. Chevron Oil Company was forced to abandon
their Chriss Canyon well before reaching potential reservoir rocks because the mobile salt
repeatedly crushed the casing of the well (L. A. Standlee. Chevron Oil Co., oral commun.,
1982).

Sand and gravel

Vast amounts of sand and gravel are exposed in the Manti quadrangle, chiefly alongthe
base of such major topographic highs as the Wasatch and Gunnison Plateaus and the Valley
Maountains, Most of the material was deposited as broad, low alluvial fans that have since
coalesced to form extensive aprons. Locally these aprons have been dissected to form sand
and gravel-capped mesas and buttes of many sizes, of which the largest are the pediments so
well displayed at the base of both the Book Cliffs and on the east flank of the Wasatch
Plateau.

West of the Wasatch Plateau, and along the flanks of both the Gunnison Plateau and the
Valley Mountains, where the streams have not cut as deeply, the large coalesced alluvial fans
partly fill the valleys. Extensive gravel pits have been opened in the various deposits with most
of the sand and gravel produced used extensively for both highway and building construction.

The deposits are crudely sorted and commonly contain many impurities, chiefly shale or
mudstone fragments; consequently much of the material extracted must be crushed, sized,
and purified before it is suitable for use.

Building stone

Although several formations within the quadrangle contain sedimentary units suitable
for use as building stone, the lithologic unit most favered by the local inhabitants is the light-
tan to ivory, colitic limestone contained within the upper limestone unit of the Green River
Formation. The limestone is an excellent dimension stone for it has a pleasing color, is easily
quarried and worked, and is generally free of closely spaced fractures. An outstanding exam-
ple of the suitability of this limestone as a dimension stone is the magnificent Mormon
Temple in Manti. Much of the stone used in the construction of the temple came from small
quarries between Ephraim and Mount Pleasant, but some of it was quarried locally from the
large slide block of Green River Limestone on which the Temple now stands, Many of the
older homes and storage houses in the area, built by the earlier pioneers, are also constructed
of this attractive limestone, The rock has also been used for monuments, curbstone, and

flagstones for it stands up well in the dry climate of central Utah.

Limestone

Several small quarries have been opened in Flagstaff Limestone beds that crop out
alang the east side of Sevier Valley. At one time a sugar refining plant, south of Gunnison,
used high-calcium limestone extracted from Flagstaff beds exposed east of Axtell, about 3-6
km (2—4 mi) east of Redmond. The quarries, on both sides of the Willow Creek road, have
been operated intermittently during the past half century, but none ever preduced much
limestone, In the past most of the crushed limestone was heated in nearby kilns and conver-
ted to lime that was used lecally, chiefly as a base for mortar or plaster. Duringrecent yearsthe
limestone has been crushed to a powder and then sold to various of the coal mine operators,
mainly for use as a coal-dust suppressant. A slurry of powdered limestone mixed with water,
when sprayed on the walls and roofs of the mines, not only suppresses the coal dust but also
keeps the coal from flaking, and, in addition, reflects more light.

METALLIC MINERAL DEPOSITS
Zing

Small amounts of oxidized zine and zine-lead ore have been produced from a small
mine, known as the “Redmond silver mine”. The mine, about 5 km (3 mi) northeast of
Redmond (Heyl, 1963, 1978), s in a small cuesta that cccupies partsof sees. 4 and 5, T. 21 5.,
R. 1 E. The mine produced zinc ore intermittently from about the time of World War [ to about
1950 when it was closed due to depletion of the ore body. The bulk of the zinc ore (chiefly
hydrozincite and smithsonite) was concentrated in shattered Green River rocks next to the
contact between Arapien strata on the east and Green River beds on the west (Heyl, 1963,
1978).

The geologic relations near the mine (Witkind, 1981) can be interpreted either as a fault
zone in which the crustal block west of the fault has been downthrown, or as an intrusive
{diapiric) contact between the Araplen Shale and the bowed-up Green River Formation,
Although Heyl (1963, 1978), who examined the mine when it was open, favors the fault
interpretation, Witkind, a co-author of this map, favors the second alternative; Witkind
proposes that the Arapien Shale, forced upward by the intrusive action of the salt, tilted up,
deformed, and broke the overlying Green River beds. Witkind believes that the base-metal
deposits stem from saline solutions that picked up their metal content when they percolated
through the Araplen Shale. Zinc from these mineral-rich solutions was then deposited in the
fractured limestones of the Green River Formation,
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